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INTRODUCTION 

The Donald C. Cook Nuclear Plant is located on the southeastern shore of 
Lake Michigan, in Lake Township, Berrien County, Michigan. The plant is 
approximately 11 miles south of Benton Harbor and 2 miles north and west of 
Br idgman , Michigan . 

A two-unit electric generating station, the plant is rated at 2,200 
megawatts and draws cooling and service water from Lake Michigan through three 
intake pipes from approximately 2,250 feet offshore in 24 feet of water. The 
plant employs a once-through cooling system, returning used cooling water to the 
lake through two diffuser discharge structures located approximately 1,200 feet 
offshore in 18 feet of water. 

Unit 1 began operating in January 1975 and unit 2 in early 1978. With both 
units at full power the condenser cooling water flow rate is 1,645,000 gpm 
(3,650 cfs) and the total heat rejection rate is 15.5 x 10^ Btu per hour. Unit 
1 at full power imparts to the condenser cooling water a temperature rise of 
21.8 F**; unit 2 at full power produces a rise of 16.7 F** in its cooling water. 
Used cooling water from unit 1 returns to the lake through a two-slot diffuser 
discharge structure; that from unit 2 through a three-slot diffuser discharge 
structure. The exit velocities at both diffusers are about 13 ft/sec. The 
discharge velocities create an area of high turbulence in front of each 
discharge structure. The regions of high turbulence are short-lived, both 
temporally and spatially, as ambient water is rapidly entrained into the 
discharged water and the velocity of the discharged water falls quickly to 
ambient current velocity. 

Phytoplankters drawn into the plant with cooling water are subject to 



sudden increase in temperature, mauling by pumps, high velocity discharge, 
and rapid dilution with cooler water. 

Operation of the plant, then, has at least the potential of affecting the 
structure of the phytoplankton community. 

The strategy for detecting changes in the phytoplankton community near the 
Cook Plant involves comparisons of phytoplankton abundances in three depth zones 
near the plant to abundances in the same three depth zones at distances 2 miles 
or more away from the plant. In any one survey these comparisons are spatial 
but, repeated over time, they allow temporal comparisons as well. The temporal 
comparisons primarily consist of conditions in preoperational years compared 
against operational years. Conditions in preoperational years provide a measure 
of natural variation against which variations in operational years may be 
compared to detect possible plant-related perturbations. 

This report serves the double purpose of recording the results of seasonal 
surveys made in 1978 and 1979 and of reporting additional preoperational vs. 
postoperational analyses according to the strategy outlined above. 

Figure 1 shows the station positions of the present 36-station sampling 
grid centered on the Cook Plant. This grid, used after April 1972, replaced an 
earlier 54-station grid. Table 1 compares the two sampling grids and shows the 
stations dropped and stations retained in changing to the 36-station grid. 

At all complete stations in Figure 1 phytoplankton, zooplankton, benthos, 
and physical measurements are collected during the seasonal surveys. The 
physical measurements consist of surface-water temperature, water depth, Secchi 
disc water transparency, and water color as seen above the white 20-cm Secchi 
disc, as well as weather conditions and wind and wave characteristics. The 
seasonal physical data are given in Appendix A. 
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TABLE 1. Comparison of the original 54-station seasonal sampling grid to the 
36-station sampling grid which was instituted in the April 1972 seasonal survey 
at Cook Plant. X denotes a retained station, — denotes an omitted station. 
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*Sampled occasionally in the years since 1972. 



Occasionally weather or logistical difficulties result in some stations of 
a survey being taken a day ahead of or a day later than the bulk of the 
stations. This results in different dates on the phytoplankton station 
collection sheets which are reproduced in Appendix B, It has been our custom to 
use the day when the bulk of the stations were taken as the date of the survey. 

Parts of the material presented here have been used by the Indiana & 
Michigan Electric Company in their Cook Plant Annual Environmental Operating 
Reports. Other parts, including the appendices of physical data, phytoplankton 
station collections, and master lists of phytoplankton collected, were not in 
the company report and have been added. The master lists of phytoplankton 
collected constitute Appendix C. 

TECHNIQUES 

Phytoplankton samples are collected by Niskin bottle from a depth of 1 m, 
with the exception of the nearshore stations. Nearshore collections (serial 
number zero stations) are made by submerging an open 1-liter bottle 4 inches 
below the water surface. All samples are 1-liter whole samples. Each sample is 
fixed with Utermohl's iodine fixative immediately after collection and stored in 
an opaque container. 

In the laboratory, each sample is concentrated to 100 mL by settling in a 
1,000-mL graduate cylinder and siphoning off 900 mL of fluid. The concentrated 
sample is stored in a 100-mL opaque bottle. 

The samples of 1971 and of April 1972 were prepared and counted by the 
Utermohl technique: placing an aliquot of the concentrated sample in a tubular 
combination settling and counting chamber and allowing the aliquot to settle 
overnight. The counting chamber containing the settled cells was then separated 



from the settling chamber, covered, and placed on the microscope. The samples 
were counted on a binocular inverted microscope at 1,000X magnification. 

Beginning with July 1972, and continuing since, the method of concentration 
for species identification and enumeration has been the settle-freeze method as 
proposed by Sanford et al . (1969). The method entails 2 days' settling of 1,000 
mL of sample in a graduated cylinder. On the third day the top 900 mL are 
siphoned off and discarded. Part of the remaining 100 mL is used for 
preparation for the microscope slide and the rest is kept for any possible 
further references or back checking. 

The once-settled sample is then diluted if need be and settled again, this 
time in 18-mL cylinders. These cylinders are attached with a small amount of 
stopcock lubricant (to prevent leakage) to the microscope slides which rest on 
an aluminum plate one quarter inch thick. The whole apparatus is then secured 
together mechanically. The microscope slides, prior to having the cylinders 
placed on them, were treated with Dessicote to provide a hydrophobic surface to 
the slide. After the samples have settled overnight, the aluminum plate on 
which they rest is placed on a block of dry ice for 90 seconds or less. This 
freezes the bottom 1-1.5 mL. The unfrozen part is then discarded and the 
cylinders are removed from the slides. The slides are then placed in an 
anhydrous ethanol chamber for 2 days, and then in a toluene chamber for 2 days. 

The first chamber removes the excess water and the second prepares the 
samples for their final mounting in toluene-based Permount®. One drop of 
Permount® is put on the slide, a cover slip is then placed over it, and the 
slide is allowed to dry for 2 days or more. 

The specimens are counted, at 1,200X under oil immersion on a Leitz Ortho- 
lux microscope, to species, variety, and form when practical, otherwise to genus 



or group. Only those specimens that appear to have been viable at the time of 
collection are counted. Two sweeps of the slide are made, one vertical and one 
horizontal. This provides an indication of the randomness of the species on the 
slide. 

All species are counted to individual cells, except for filamentous blue- 
green algae with cylindrical trichomes which are counted as individual 
organisms. Prior to 1974 all colonial blue-greens were counted as single 
organisms; the change in counting resulted in an apparent increase of blue- 
greens beginning in 1974. 

Phytoplankton abundances derived from the counts are calculated as cells 
per liter, but are divided by 1,000 in the computer print-outs. 

Species and forms are presented in the way in which they are recognized and 
counted. Examples are: The flagellate Cryptomonas is recognized and counted 
separately from unidentified "Flagellates"; Anacystis and Chroococcus are no 
longer recognized as separate entities, but counted together as Anacystis in 
accordance with Drouet's (1968) revision of blue-green taxonomy. 

RESULTS AND DISCUSSIONS 
The authors believe that the materials presented in this section will be 
more convenient for both authors and readers if presentation of the results and 
discussion of the results are not separated. We believe that the reader will 
have no difficulty in distinguishing between the objective presentation of the 
results and our subjective discussion of them. 

Phytoplankton Summary Tables 

The phytoplankton summary tables employed here are based on the ones used 
by the Michigan Water Resources Commission at the time our reporting procedures 



were established (MWRC 1970). Our summaries differ from theirs in that we count 
the numbers of cells in filamentous and colonial forms (except blue-green algae 
with cylindrical trichomes which are counted as individual organisms), while the 
Commission counts a filament or colony as a single organism. The station 
collection records from which the summaries were prepared constitute Appendix B. 

The summary table for each seasonal survey presents, station-by-station, 
the surface-water temperature at the time of collection, the numbers per mL of 
each of ten major categories of planktonic algae, and the dominant (and 
codominant, see below) species or groups. The categories of phytoplankton 
employed are: coccoid blue-green algae, filamentous blue-green algae, coccoid 
green algae, filamentous green algae, flagellates, centric diatoms, pennate 
diatoms, desmids, other algae, and total algae. The summary tables allow quick 
assessment of the general compositions of the populations sampled, the ambient 
water temperature, and give the dominant and codominant species or groups 
(forms). The summary tables presented in Table 2 cover the surveys of spring 
(April), summer (July), and fall (October) of 1978 and 1979. 

Dominant and Codominant Phytoplankters 

In each phytoplankton sample, one form (species or group) is typically 
present in greater abundance than the others. We designate these species or 
groups as "dominant." In many samples, however, one or more other species or 
groups will come close to matching the numbers of the dominant form; we 
designate these slightly less abundant forms "codominants" and list them along 
with the dominant in the "Dominant species" column of Table 2. 

In Table 3 the dominant and codominant forms in the station collections of 
each seasonal survey of 1970 through 1979 have been assembled and the numbers of 
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TABLE 3. The dominant and codominant phytoplankters in the Cook Plant seasonal 
surveys of preoperational 1970 through 1974 and operational 1975 through 1979. 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



10 July 1970 



25 Sept 1970 



12 Nov 1970 



Tabellaria fenestrata (diatom) 

Cyclotella sp. (diatom) 

Fragilaria crotonensis (diatom) 

Melosira sp", (diatom) 

Dinobryon divergens (flagellate) 

Flagellates 

Melosira granulata (diatom) 

Melosira granulata v. angustissima (diatom) 

Oocystis solitaria (green) 

Anabaena circinalis (blue-green) 

Chlamydomonas sp. Tflagellate) 

Microcystis aeruginosa (blue-green) 

Melosira islandica (diatom) 

Melosira italica (diatom) 

Chlamydomonas sp. (flagellate) 

Fragilaria crotonensis (diatom) 

Dinobryon divergens (flagellate) 

Oocystis sp. (green) 

Gloeocystis sp. (green) 

Melosira granulata (diatom) 

Chroococcus limneticus (blue-green) 

Ochromonas sp] ( flagellate) 

Melosira granulata v. angustissima (diatom) 

Peridinium sp. (flagellate) 

Closteriopsis sp. ("other" alga*) 

Cryptomonas sp. (flagellate) 

Cyclotella sp. (diatom) 

Tabellaria fenestrata (diatom) 

Tetraedron minimum ("other" alga*) 

Ochromonas sp. (flagellate) 
Chlamydomonas sp. (flagellate) 
Cryptomonas sp. (flagellate) 
Fragilaria crotonensis (diatom) 
Crucigenia rectangularis ("other" alga*) 
Cyclotella sp. (diatom) 



40 
9 
7 
3 
2 
2 
2 
2 
2 



28 

13 

10 

10 

7 

7 

4 

3 

2 

2 

1 

1 

1 

1 

1 

33 

19 

3 

3 

1 
1 
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TABLE 3. Continued, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



15 April 1971 



9 July 1971 



Ochromonas sp. (flagellate) 
Melosira sp. (diatom) 
Chlamydomonas sp. (flagellate) 
Tabellaria fenestrata (diatom) 
Stephanodiscus sp. (diatom) 
Fragilaria crotonensis (diatom) 
Cyclotella sp. (diatom) 
Fragilaria sp. (diatom) 

Gloeocystis sp. (green) 
Oocystis sp. (green) 
Glenodinium sp. (flagellate) 
Dinobryon divergens (flagellate) 
Tabellaria fenestrata (diatom) 
Cyclotella sp. (diatom) 
Fragilaria crotonensis (diatom) 
Scenedesmus sp. ("other" alga*) 
Crucigenia sp. ("other" alga*) 
Fragilaria sp. (diatom) 
Westella linearis (green) 

Ochromonas sp. (flagellate) 
Tabellaria fenestrata (diatom) 
Fragilaria crotonensis (diatom) 
Gloeocystis sp. (green) 
Chlamydomonas sp. (flagellate) 
Cryptomonas sp. (flagellate) 
Aphanothece sp. (blue-green) 
Oocystis sp. (green) 
Fragilaria sp. (diatom) 



12 April 1972 Tabellaria fenestrata (diatom) 
Chlamydomonas sp. (flagellate) 
Cyclotella sp. (diatom) 
Stephanodiscus sp. (diatom) 
Gloeocystis sp. (green) 



8 Nov 1971 



24 

15 

15 

14 

13 

9 

6 

1 

47 

18 

12 

10 

8 

4 

3 

1 

1 

1 

1 

20 
17 
7 
6 
4 
3 
2 
1 
1 

13 
8 
7 
6 
4 
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TABLE 3. Continued. 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



16 July 1972 



15 Oct 1972 



25 April 1973 



19 July 1973 



23 Oct 1973 



Tabellaria fenestrata (diatom) 
Gloeocystis sp. (green) 
Chlamydomonas sp. (flagellate) 
Fragilaria intermedia (diatom) 
Fragilaria capucina (diatom) 
Fragilaria crotonensis (diatom) 
Dinobryon sp. (flagellate) 
Flagellates 

Anabaena sp. (blue-green) 
Glenodinium sp. (flagellate) 
Oocystis sp. (green) 

Melosira granulata (diatom) 

Chroococcus limneticus (blue-green) 

Flagellates 

Chroococcus sp. (blue-green) 

Stephanodiscus minutus (diatom) 

Flagellates 

Cyclotella sp. (diatom) 

Stephanodiscus sp. (diatom) 

Fragilaria crotonensis (diatom) 

Gloeocystis sp. (green) 

Chlamydomonas sp. (flagellate) 

Melosira granulata (diatom) 

Tabellaria fenestrata v. intermedia (diatom) 

Stephanodiscus tenuis (diatom) 

Cyclotella stelligera (diatom) 

Melosira granulata v. angustissima (diatom) 

Chlamydomonas sp. ( flagellate) 

Cyclotella sp. (diatom) 

Cyclotella atomus (diatom) 

Anacystis incerta (blue-green) 

Flagellates 

Gloeocystis sp. (green) 

Coccomyxa coccoides (green) 

Melosira granulata v. angustissima (diatom) 

Flagellates 

Chlamydomonas sp. (flagellate) 

Fragilaria crotonensis (diatom) 

Melosira granulata (diatom) 



14 
5 
5 
4 
4 
3 
3 
2 
2 
1 
1 

26 
4 
3 
2 

21 

12 

5 

3 



19 

10 

4 

4 

2 



20 
9 
3 
2 
1 



(continued) 
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TABLE 3. Continued, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



20 April 1974 



11 July 1974 



9 Oct 1974 



17 April 1975 



Fragilaria crotonensis (diatom) 

Flagellates 

Stephanodiscus tenuis (diatom) 

Synedra f iliformis (diatom) 

Fragilaria intermedia v. fallax (diatom) 

Melosira granulata (diatom? 

Melosira italica (diatom) 

Stephanodiscus minutus (diatom) 

Fragilaria crotonensis (diatom) 

Flagellates 

Anacystis incerta (blue-green) 

Anabaena f los-aquae (blue-green) 

Cyclotella stelligera (diatom) 

Tabellaria fenestrata v, intermedia (diatom) 

Thalassiosira pseudonana (diatom) 

Stephanodiscus tenuis (diatom) 

Anacystis incerta (blue-green) 
Flagellates 

Gomphosphaeria lacustris (blue-green) 
Anacystis thermal is (blue-green) 
Fragilaria crotonensis (diatom) 
Asterionell'a formosa Tdoatom) 
Melosira granulata (diatom) 
Stephanodiscus minutus (diatom) 
Stephanodiscus tenuis (diatom) 

Flagellates 

Stephanodiscus tenuis (diatom) 

Fragilaria crotonensis (diatom) 

Stephanodiscus minutus (diatom) 

Cyclotella stelligera (diatom) 

Tabellaria f locculosa (diatom) 

Tabellaria fenestrata v. intermedia (diatom) 

Melosira islandica (diatom) 

Anacystis incerta (blue-green) 

Fragilaria capucina (diatom) 

Fragilaria intermedia (diatom) 

Synedra f iliformis (diatom) 



20 

18 

11 

3 



22 
2 



24 

1 

1 



(continued) 
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TABLE 3. Continued, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



17 July 1975 



17 Oct 1975 



14 April 1976 



14 July 1976 



Gloeocystis sp. (green) 

Flagellates 

Anabaena f los-aquae (blue-green) 

Green coccoid unknown 

Fragilaria crotonensis (diatom) 

Cyclotella stelligera (diatom) 

Gloeocystis planctonica (green) 

Anacystis incerta (blue-green) 
Gomphosphaeria lacustris (blue-green) 
Fragilaria crotonensis (diatom) 
Flagellates 

Anabaena f los-aquae (blue-green) 
Gloeocystis sp. (green) 
Ochromonas sp. (flagellate) 
Synedra f iliformis (diatom) 

Flagellates 

Fragilaria crotonensis (diatom) 
Asterionella formosa (diatom) 
Stephanodiscus sp. Tdiatom) 
Anacystis incerta (blue-green) 
Stephanodiscus subtil is (diatom) 
Rhizosolenia gracilis (diatom) 
Stephanodiscus minutus (diatom) 
Gomphosphaeria lacustris (blue-green) 
Ulothrix sp. (green) 

Flagellates 

Gloeocystis sp. (green) 
Anabaena f los-aquae (blue-green) 
Gomphosphaeria lacustris (blue-green) 
Anacystis incerta (blue-green) 
Cyclotella stelligera (diatom) 
Fragilaria crotonensis (diatom) 
Gloeocystis planctonica (green) 
Oocystis sp. (green) 
Pediastrum duplex ("other" alga*) 



20 
15 
10 
4 
1 
1 
1 

22 
15 
9 
5 
1 
1 
1 
1 

23 
18 
16 
8 
4 
4 
2 
2 
1 
1 

24 

12 

9 

4 
2 
2 
2 

1 
1 
1 
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TABLE 3. Continued, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



14 Oct 1976 



14 April 1977 



13 July 1977 



14 Oct 1977 



14 April 1978 



Flagellates 

Fragilaria crotonensis (diatom) 
Gomphosphaeria lacustris (blue-green) 
Anacystis incerta (blue-green) 
Cyclotella comensis (diatom) 
Gloeocystis sp. (green) 
Anabaena f los-aquae (blue-green) 
Gloeocystis planctonica (green) 
Melosira granulata (diatom) 

Flagellates 

Ochromonas sp. (flagellate) 
Fragilaria crotonensis (diatom) 
Synedra ostenfeldii (diatom) 
Synedra f iliformis (diatom) 
Anacystis incerta (blue-green) 
Cyclotella stelligera (diatom) 

Fragilaria crotonensis (diatom) 

Cyclotella comensis (diatom) 

Anabaena flos-aquae (blue-green) 

Flagellates 

Cyclotella sp. (diatom) 

Anacystis incerta (blue-green) 

Cyclotella michiganiana (diatom) 

Anacystis incerta (blue-green) 

Gomphosphaereia lacustris (blue-green) 

Flagellates 

Fragilaria crotonensis (diatom) 

Melosira granulata (diatom) 

Agmenellum quadruplicatum (blue-green) 

Flagellates 

Ochromonas sp. (flagellate) 
Stephanodiscus sp. #5 (diatom) 
Stephanodiscus sp. (diatom) 
Fragilaria crotonensis (diatom) 
Asterionella formosa (diatom) 
Unknown coccoid green 
Anacystis incerta (blue-green) 



28 
11 
8 
6 
5 
5 
1 
1 
1 

24 
19 
13 
5 
2 
1 
1 

15 
15 
11 
6 
5 
3 
3 

24 

12 

10 

6 

2 

1 

34 
11 
6 
5 
4 
3 
3 
2 



(continued) 
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TABLE 3. Concluded, 



Dominant or 
Survey Species or group codominant 

occurrences 



12 July 1978 Flagellates 31 

Fragilaria crotonensis (diatom) 13 

Melosira granulata (diatom) 8 

Anacystis incerta (blue-green) 8 

Tabellaria fenestrata v. intermedia (diatom) 6 

Anabaena flos-aquae (blue-green) 2 

Anacystis cyanea (blue-green) 1 

Stephanodiscus sp. (diatom) 1 

11 Oct 1978 Anacystis incerta (blue-green) 37 

Gomphosphaeria lacustris (blue-green) 7 

Melosira granulata (diatom) 3 

Flagellates 1 

Rhodomonas minuta (flagellate) 1 

12 April 1979 Stephanodiscus hantzschii (diatom) 24 

Asterionella formosa (diatom) 19 

Stephanodiscus sp . Tdiatom) 11 

Flagellates 4 

Ochromonas sp. (flagellate) 3 

Gomphosphaeria lacustris (blue-green) 1 

Anacystis incerta (blue-green) 1 

Stephanodiscus alpinus (diatom) 1 

11 July 1979 Anabaena flos-aquae (blue-green) 25 

Flagellates 20 

Fragilaria crotonensis (diatom) 3 

18 Oct 1979 Anacystis incerta (blue-green) 27 

Melosira granulata (diatom) 8 

Flagellates 3 

Gomphosphaeria lacustris (blue-green) 3 

Stephanodiscus tenuis (diatom) 2 

Fragilaria crotonensis (diatom) 1 

Rhodomonas minuta (flagellate) 1 



*A green alga, but coded as "other" because it is neither filamentous nor 
coccoid. 
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their dominant or codominant occurrences given. This is done to assist the 
reader in sorting the probably important dominants and codominants from the rare 
ones which might be due to the chance capture of a single many-celled filament 
or colony. 

Beginning in 1972 there has been a trend toward increasing numbers of cases 
of dominance or codominance by blue-green algae. Heavy dominance by the blue- 
greens Anacystis incerta and Gomphosphaeria lacustris first appeared in October 
1974 and has been characteristic of Octobers in subsequent years; moderate to 
heavy dominance by Anabaena flos-aquae began in July of 1975 and has been 
typical of Julys in following years. These dominances are consistent with the 
findings by Tarapchak and Stoermer (1976) and others that in recent years blue- 
greens have increased in Lake Michigan as a result of summer and fall depletion 
of silica in the epilimnion; being lake-caused, the more frequent dominances by 
blue-greens cannot be attributed to Cook Plant operation. 

Master Lists of Phytoplankters Collected 

Appendix C presents the lists of phytoplankters collected in the seasonal 
surveys of 1978 and 1979. Ayers and Wiley (1979) list the collections of 1977. 
Ayers (1978) lists the collections of 1976 and previously unreported September 
1970. Ayers, Southwick, and Robinson (1977) give the master lists for the 
surveys of 1974 and 1975. Ayers (1975) presents the lists for the surveys of 
1972 and 1973. Ayers, Mozley, and Stewart (1974) list the species collected in 
the seasonal surveys of 1971. Ayers, Mozley, and Roth (1973) give the master 
list for November 1970. Ayers jelt al . (1971) list the species taken in the July 
survey of 1970. 
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Apparent Establishment of Cyclotella comensis 

The centric diatom, Cyclotella comensis , previously not found in Cook Plant 
area phytoplankton samples, first occurred in the collections of October 1975 
and has been taken in each seasonal survey since then. Typically present in low 
abundances, this diatom attained to dominant or codominant status in five sta- 
tions of the October 1976 survey and in 15 stations of the July 1977 survey. It 
was present in 74% to 100% of the station samples in the surveys of 1978 and 
1979; in these 2 years its greatest abundances were in October 1979 at station 
DC-1 (9.86% of the population) and at station SDC-2-1 (5.56%). Apparently this 
diatom has become established at low abundance levels in the Cook Plant sampling 



area. 



Inner-Outer Graphical Comparisons: Diversity Indices 

Cook Plant species diversity data for the years 1971 through 1977 have been 
presented by Ayers, Southwick, and Robinson (1977), Ayers (1978), and Ayers and 
Wiley (1979); this section extends those reports to include the seasonal surveys 
of 1978 and 1979. 

As was done previously, the diversity index data have been stratified by 

three depth zones and by inner treatment stations (near the plant) and outer 

control or reference stations groups. The diversity index used is, as 

previously, that of Wilhm and Dorris (1968): 

_ S 

d = - E (nf/n) log2 (n^/n) 
i=l 

where S is the number of species, n is the total number of phytoplankton in 

cells/mL, n^ is the number of phytoplankton of the i*^^ species. 
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Mean diversity indices and associated standard errors for each depth-zone- 
station-group combination in 1978-79 have been computed and are presented in 
Table 4. In Figure 2 the surveys of 1978-79 have been added at the end of the 
time plots of diversity indices and standard errors which were presented by 
Ayers and Wiley (1979). 

In Figure 2 the annual curves of mean diversity indices generally show 
substantial degrees of parallelism between inner (treatment) and outer (control) 
station groups. Parallelism between the curve for inner and outer stations 
indicates that changes in diversity from season to season have been the same in 
both sets of stations. Parallelism of the curves in the operational years 1975 
through 1979 has been as good as or better than in the preoperational years. 

The placement, on the graphs, of annual curves for inner and outer station 
groups indicates that in zones and 1 the diversities for 1979 were lower than 
in the preceding operational years; in zone 2 the diversities were not 
noticeably different from those of preceding years. In all zones diversities 
were higher than in preoperational years prior to 1974. 

Inner-Outer Graphical Comparisons; Phytoplankton Redundancies 

Redundancy values are derived from the diversity index of Wilhm and Dorris 

(1968): 

_ S 

d = - z (n^/n) log2 (n^/n) 
i=l 

where S is the number of species, n is the total number of phytoplankton in 

cells/mL, n^ is the number of phytoplankton of the i^^ species. Diversity as 

presented here is not the true diversity since not all forms encountered can be 

identified to the species level. Therefore, this diversity must be viewed with 
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TABLE 4. Means, standard errors, and numbers of observations of phytoplankton 
diversities by seasons, depth zones, and inner or outer station groups in Cook 
Plant major surveys during operational 1978 and 1979. Standard errors are 
computed only when the number of observations is two or more. 



1978 



1979 



14 


April 


12 July 


11 October 


12 April 


11 July 


18 October 


Zone Inner 
Mean 
S, E. 
N 


4.47 
0.10 
12 


4.60 
0.17 
12 


3.77 
0.17 
12 


4.10 
0.06 
12 


3.43 
0.27 
12 


3.79 
0.18 
12 


Outer 
Mean 
S. E. 
N 


4.61 
0.11 
10 


4.66 
0.10 
10 


4.01 
0.16 
10 


4.13 
0.08 
10 


2.96 
0.21 
10 


3.58 
0.23 
10 


Zone 1 Inner 
Mean 
S. E. 
N 


4.22 
0.14 
3 


4.14 
0.13 
3 


3.21 
0.27 
3 


3.95 
0.13 
3 


2.94 
0.33 
3 


3.43 
0.36 
3 


Outer 
Mean 
S. E. 
N 


3.98 
0.12 
4 


4.51 
0.10 
4 


3.29 
0.27 
4 


4.07 
0.05 
4 


2.74 
0.29 
4 


3.03 
0.29 
4 


Zone 2 Inner 
Mean 
S. E. 
N 2 


4.02 
0.15 
2 


4.36 
0.16 
2 


3.60 
0.58 
2 


4.08 
0.21 
2 


2.77 

0.44 

2 


4.09 
0.13 
2 


Outer 
Mean 
S. E. 
N 


4.07 
0.17 
4 


3.95 
0.51 
4 


2.74 
0.49 
4 


4.14 
0.11 
4 


2.82 
0.30 

4 


2.56 
0.22 
4 
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caution. However, since these diversities do mean something about community 
structure they will be used to illustrate changes occurring within the 
phytoplankton population from year to year and for the derivation of 
redundancies . 

Redundancy is a measure of the dominance of one or a few species within a 
given population. As presented by Wilhm and Dorris (1968) it is: 

^ax "" ^ 

r = 



^ax ^mi 



mm 



where d is the observed diversity as calculated above, d^^^ is the maximum 
diversity for a particular community, and djuf^ is the minimum possible 
diversity for a particular community, d^u^^ is calculated using the following 
equation: 

d^ax = (l/n)(log2 n! - s log2 [n/S]!) 

and d^in is calculated using the equation: 

d^in = (l/n)(log2 n! - s log2 [n-(S-l)]!) 

The values of r range between and 1. An r equal to implies that the species 
encountered in a community each have the same number of cells. An r equal to 1 
implies that one species dominates the community of phytoplankton. As 
redundancy values are not given in Appendix B, it is necessary to give them here 
(Table 5). The values for years 1970 - 1976 have been reported by Ayers (1978); 
those for 1977 were reported by Ayers and Wiley (1979). Table 5 gives the 
means, standard errors, and numbers of observations of redundancies in Cook 
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TABLE 5. Means, standard errors, and numbers of observations of phytoplankton 
redundancies by seasons, depth zones, and inner or outer station groups in Cook 
Plant major surveys during operational 1978 and 1979, Standard errors are 
computed only when the number of observations is two or more. 











1978 






1979 






14 


April 


12 July 


11 October 


12 April 


11 July 


18 October 


Zone 


Inner 
Mean 
S. E. 
N 


0.260 
0.010 
12 


0.277 
0.013 
12 


0.408 
0.014 
12 


0.310 
0.011 
12 


0.380 
0.038 
12 


0.351 
0.028 
12 




Outer 
Mean 
S. E. 
N 


0.250 
0.020 
10 


0.273 
0.010 
10 


0.359 
0.027 
10 


0.319 
0.012 
10 


0.457 
0.028 
10 


0.390 
0.031 
10 


Zone 


1 Inner 
Mean 
S. E. 
N 


0.280 
0.030 
3 


0.295 
0.026 
3 


0.455 
0.067 
3 


0.326 
0.034 
3 


0.458 
0.060 
3 


0.417 
0.065 
3 




Outer 
Mean 
S. E. 
N 


0.300 
0.020 
4 


0.245 
0.010 
4 


0.447 
0.051 
4 


0.299 
0.010 
4 


0.443 
0.035 
4 


0.451 
0.061 
4 


Zone 


2 Inner 
Mean 
S. E. 
N 


0.300 
0.010 
2 


0.280 
0.015 
2 


0.328 
0.082 
2 


0.267 
0.032 
2 


0.484 
0.065 
2 


0.258 
0.020 
2 




Outer 
Mean 
S. E. 
N 


0.280 
0.030 
4 


0.336 
0.076 
4 


0.328 
0.082 
4 


0.291 
0.005 
4 


0.434 
0.060 
4 


0.543 
0.040 
4 
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Plant seasonal surveys during 1978 and 1979 stratified by seasons, depth zones, 
and inner and outer station groups. The means and standard errors are plotted 
on a time axis in Figure 3. 

The plots in Figure 3 show visual evidence of a trend, beginning in 1973, 
for redundancies to have become somewhat lower since that year. If real, the 
trend would indicate that there has been a tendency for the species in the 
community to have become more nearly equally abundant in numbers of individuals. 

Perhaps more important is that after 1972 there has been much better 
parallelism between the annual curves of redundancies at inner and outer station 
groups; that is, changes in mean redundancies of collections from the two 
station groups have been much more alike than was the case in earlier 
preoperational years. As it began in the preoperational years and has continued 
into the operational years, the tendency for improved parallelism is attributed 
to some cause in the lake itself. 

There is nothing in this analysis of phytoplankton redundancies to indicate 
that the operation of Cook Plant has exerted any adverse impact on the local 
phytoplankton community. 

Inner-Outer Graphical Comparisons; Phytoplankton Abundances By Algal Categories 

This section applies the inner-outer graphical analysis method to the 
abundances (in cells per mL) of ten major categories of phytoplankton and 
extends previously reported tabulations, figures, and discussions to include the 
seasonal surveys of 1978 and 1979. Earlier years were reported by Ayers, 
Southwick, and Robinson (1977); 1977 was reported by Ayers and Wiley (1979). 

The phytoplankton abundances used are those of total algae and of the nine 
major algal groups: coccoid blue-greens, filamentous blue-greens, coccoid 
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greens, filamentous greens, flagellates, centric diatoms, pennate diatoms, 
desmids, and other algae. The use of major algal groups bypasses difficulties 
stemming from inability always to identify to species, and is justifiable on the 
basis that members of each individual group have more or less similar functions 
in the ecosystem. 

Table 6 presents, for the seasonal surveys of 1978 and 1979, means, 
standard errors, and numbers of observations of abundances of total algae and 
the nine major groups of planktonic algae in the three depth zones and the inner 
and outer station groups. These are graphed with the preceding years in 
Figure 4. 

Desmids (Fig. 4A) have shown almost no variation in abundance over the 
entire 10 years of the study. 

Filamentous green algae (Fig. 4B), which in April 1976 had somewhat in- 
creased in abundance in both station groups and in all three depth zones, re- 
turned to preoperational levels in July of that year and have remained there 
ever since. 

Other algae (Fig. 4C) increased in abundance in all depth zones and both 
station groups in 1976 and 1978, but similar abundances had been observed in 
preoperational years. There is no clear evidence that the recent greater 
abundances were plant-induced. 

Filamentous blue-green algae (Fig. 4D) have been more abundant in all depth 
zones and both sets of stations in the 5 operational years. In zones and 1 
increases at the outer stations equalled or exceeded those at the inner stations 
in all 5 years. In 1977 and 1979 in zone 2 July abundances at the inner sta- 
tions greatly exceeded those at the outer stations. Although these inner sta- 
tions are in front of the plant, they are offshore stations where the plant's 
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discharge plume is present little if any of the time; the increases at these 
stations appear more apt to be effects of lake eutrophication than of Cook Plant 
operation. 

Coccoid blue-greens (Fig. 4E), which had been present in small amounts 
during most of the preoperational surveys, increased notably in October of 
preoperational 1974 (due in part to a change in counting method that year) and 
this pattern has been characteristic in the years since, not so pronounced in 
1976, and very pronounced in 1977. It is to be noted that the increases in 
October 1977 were greater in the outer stations of zones 1 and 2. Beginning in 
preoperational 1974 and continuing since, these fall increases are attributed to 
lake eutrophication, rather than to plant operation. 

Coccoid green algae (Fig. 4F) have been present in variable abundances of a 
few hundred cells per mL in each survey of the study area. In all but one of 
the operational surveys the abundances of these algae were at levels which had 
been observed in the preoperational years; the exception was at the inner 
station group of zone 2 in July 1977 when abundances were somewhat higher than 
previously seen. These being offshore stations where the plant plume is not 
expected, the high of that month is attributed to some lake effect, not plant 
operation. 

Flagellates (Fig. 4G) in all depth zones and both station groups increased 
from 1971 through 1977, but began to decrease in 1978 and continued the decrease 
in 1979. The cause of the decrease is not known at this time; as it occurred at 
outer stations as well as at inner ones it is attributed to some condition in 
the lake and not to plant operation. 

Pennate diatoms (Fig. 4H) , which had maintained generally rising trends 
from 1971 through 1977, also began to decline in 1978 and continued to do so in 
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1979. The decrease is pronounced in zones 1 and 2 in summer and fall; at 
present it is attributed to summer and fall depletions of silica in the main 
body of the lake. As the decrease occurred at both inner and outer stations, 
it is not considered an effect of plant operation. 

Centric diatoms (Figs. 41, 4J, 4K) have varied widely in abundance during 
the period of study. Abundance variations at inner and outer stations have been 
directionally similar within each year but the annual patterns have been 
inconsistent from year to year. No clear effect of plant operation is shown by 
centric diatoms. 

Total algae (Figs. 4L, 4M, 4N) had, with the exception of zone 2 inner 
stations in 1978, exhibited steadily rising trends in abundance since 1974. 
These were not continued in 1979; although abundances remained high they were 
below those of 1978. Declines in abundances of flagellates, pennate diatoms, 
and centric diatoms not completely offset by continuing increases in blue-green 
algae are considered the reason for lower abundances in 1979. 

Inner-Outer Statistical Comparison: Phytoplankton Abundances by Algal 
Categories 

Ayers (1978) and Ayers and Wiley (1979) have reported statistical tests for 
significant differences in phytoplankton abundances at the inner and outer 
station groups in the years 1970 through 1977; this section extends the testing 
to cover the years 1978 and 1979. The test used is the Student's _t test applied 
to the seasonal mean abundances in the inner vs. the outer stations. 

The strategy was that if plant-caused effects on the phytoplankton were 
present they might be expected to show as consistent significant differences in 
abundance between the inner and outer stations. A corollary to this was that 
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plant operation might selectively act uupon only one or a few of the ten 
categories of algae, producing consistent significant differences between 
abundances of the affected categories at inner and outer stations. 

For these tests spring was defined as April; summer as July; and fall as 
October. For each season in each depth zone all available abundances of each 
algal category were averaged to give seasonal mean abundances at the inner and 
outer stations of each depth zone, and comparisons were made between inner and 
outer mean abundances of each category in each depth zone. 

Table 7 summarizes the means, variance, numbers of observations, and t-test 
of significance for each algal category in each season, station group, and depth 
zone during 1978 and 1979. 

During the period from July 1970 through October 1979, 767 paired 
comparisons of inner vs. outer station group cell density means have been 
possible; of these, 350 were from preoperational years and 417 were from 
operational years. During the entire period there have been a total of 42 cases 
of significant differences of mean densities between inner and outer station 
groups; these amount to 5.5% of the possible comparisons. 

The following tabulation summarizes the distribution of the cases wherein 
there were significant (at the .05 or .01 levels) differences between mean 
densities of phytoplankton categories in inner and outer station groups. In 
each case the order of the abbreviations is: year, depth zone, season (Sp, Su, 
Fa), and I or indicating which station group had the greater mean density of 
cells; cases in operational years are underlined. 
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Coccoid blue-greens 75,Z2,Fa,I 78,Z2,Su,I 79,Z0,Sp,Q 

Filamentous blue-greens 75,Zl,Su,0 75,Z2,Fa,I 76,Z2,Su,I 77,Z2,Su,I 

Coccoid greens 70,Z2,Su,I 71,Z2,Su,I 76,Z23Fa3l 77,Z2,Su,I 

Filamentous greens None 

Flagellates 71,Zl,Su,0 72,Z2,Sp,0 73,Zl,Fa,0 74,Z2,Fa,0 

76,Z2,Fa,I 77,Zl,Su,0 77,Zl3Fa,0 79,Z2,Fa,0 

Centric diatoms 72,Zl,Sp,0 72,Zl,Fa,I 75,Zl,Fa,I 753Zl,Fa,I 

Pennate diatoms 70,Zl,Su,0 71,Z2,Su,01 73,Zl,Sp,0 75,Z2,Fa,I 

79,Zl3Fa,I 

Desmids 71,Zl,Su,0 71,Z2,Su,I 

Other algae 71,Zl,Sp,0 73,Z0,Sp,I 73,Zl,Sp,I 73,Z2,Fa,I 

74,Z2,Sp,I 773Z2,Fa,I 

Total algae 72,Z0,Sp,O 72,Z2,Sp,0 76,Zl,Sp,0 77,Z2,Su,I 

78,Z23Su,0 79,Z2,Su>I 

Summarized by years the cases of significant differences were: 

1970 (2 seasons) 2 cases 1975 _6 cases 

1971 6 1976 4 

1972 5 1977 6^ 

1973 5 1978 2 

1974 2 1979 4 

It is noted that the six cases of difference in operational 1975 and 1977 
are not greater than the six that occurred in preoperational 1971; it is also 
noted that the fours in operational 1976 and 1979 are less than the fives that 
occurred in preoperational 1972 and 1973. The numbers of cases by years appear 
to be within the natural range of variation, and no effect of plant operation is 
evident . 

Summarized by depth zones, with the station group having the greatest 

density of algae indicated, and with operational year cases underlined, the 

cases of significant difference were: 

Zone Zone 1 Zone 2 

Inner greater 1+0^ Inner greater + 3^ Inner greater 6 + \3^ 

Outer greater 1 + ^ Outer greater 7+4^ Outer greater 4 + 2^ 

In zone the cases of significant difference in abundances at inner and 
outer stations have been almost equally divided between preoperational and 
operational years. No evidence of plant operation effects shows in these data. 
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with the plant's thermal plume in zone 1 most of the time, the significant- 
ly greater abundances in this zone have been at the outer stations in 11 of 14 
cases. In the preoperational years all seven cases were of greater abundances 
at the outer stations; greater abundances at the outer stations appear to be a 
natural feature of this depth zone. In operational years four of seven cases 
were of higher abundances at the outer stations, which does not gainsay greater 
abundances at these stations as a natural feature of the zone. 

In zone 2 during the preoperational years six of ten cases of significant 
differences involved higher mean cell densities in the inner stations; in 
operational years 13 of 15 cases have been of higher abundances in the inner 
stations. With the plant's thermal plume in zone 1 most of the time, and with 
zone 2 beginning at about two kilometers off shore and continuing farther, it is 
unlikely that waste heat from the plant has caused the higher densities in the 
inner stations of this zone. 

CONCLUSIONS 

Phytoplankton diversities, as indicated by diversity indices, were not 
quite so high in zones and 1 in 1979 as they had been in earlier operational 
years; in zone 2 the diversities for 1979 were not noticeably different from 
those of preceding years. In all zones diversities remain higher than in 
preoperational years prior to 1974. There is no evidence that operation of Cook 
Plant has simplified (lowered the diversity of) the phytoplankton community. 

Phytoplankton redundancy is a measure of the dominance of one or a few 
species within a given population. Redundancy values range from to 1, with a 
value of 1 implying that one species dominates the community. In 1979 
redundancy values rose to the levels of preoperational years after a period of 
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steady or slowly diminishing values from 1973 through 1978. We tentatively 
ascribe the 1979 condition to increased relative dominance of blue-green algae 
when flagellates and diatoms decreased in abundance in that year. 

Of the ten categories of phytoplankton, four (desmids, filamentous greens, 
coccoid greens, and "other algae") have shown essentially no changes in 
abundances during the 10 years of the study. 

Four other categories (flagellates, pennate diatoms, centric diatoms, and 
total algae) have in shallow zone exhibited steadily increasing trends since 
1970. These categories, in zones 1 and 2, showed increasing trends from 1970 
through 1978 but had lower abundances in 1979. The abundance changes took place 
in both inner and outer stations. 

Blue-green algae have increased in abundance during the period of the 
study. First indications of increase were minor rises in 1972 with 
substantially higher levels of coccoid blue-greens appearing in the fall of 1974 
and being an autumn characteristic in later years. Occurring in all three depth 
zones and in both inner and outer station groups, the fall increases are 
attributed to late summer-autumn depletions of silica in the epilimnetic water. 
Filamentous blue-greens exhibiting summer peak abundances have increased since 
1974; occurring in all three depth zones and in both inner and outer stations 
the cause of these abundance variations is adjudged to be something in the lake. 

In the 10 years of the study there have been 767 paired comparisons of 
inner vs. outer station group cell density means. These have been compared by a 
two-sample t-test for significant differences of the means. During the entire 
period there have been 42 cases of significant differences between the means; 
these amount to 5.5% of the comparisons. The cases of differences are spread 
through nine of the ten categories of phytoplankton and fall within the natural 
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range of variation; the signifcant differences are attributed to normal 
accidents of sampling; no evidence of plant operation effects are shown by these 
analyses . 
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